Pellino1 is an evolutionally conserved immune regulator and participates in the regulation of Toll-like receptor/interleukin-1 receptor (TLR/IL-1R)-mediated signalling. Recent studies have shown that TLR/IL-1R contributes to the left ventricular (LV) remodelling after myocardial infarction (MI). However, the role of Pellino1 in LV remodelling following MI has not been investigated. This study examined the effect of Pellino1 silencing on cardiac function and LV remodelling after MI.
Introduction
Myocardial infarction (MI) is a major cause of cardiac dysfunction with high morbidity and mortality. 1 The main determinants of outcome in MI patients are myocardial infarct size and left ventricular (LV) remodelling. 2 A growing body of evidence suggests that excessive innate immune response, which leads to the initiation and perpetuation of inflammation, plays a critical role in the pathogenesis of cardiac dysfunction and remodelling following MI. 3 However, the cellular and molecular mechanisms by which MI causes cardiac dysfunction and remodelling have not been clearly defined.
Toll-like receptor (TLR)-/interleukin-1 receptor (IL-1R)-mediated signalling directly activates nuclear factor Kappa B (NF-kB), 4 which is an important transcription factor regulating the inflammatory response. Elevated NF-kB activity following the activation of TLR/IL-1R has been demonstrated to contribute to myocardial ischaemia/reperfusion (I/R) injury. 5, 6 Deficiency in either of TLR2 7, 8 or TLR4 9,10 decreases myocardial ischaemic injury, indicating that TLR-/IL-1R-mediated inflammatory response may lead to cardiac dysfunction and remodelling after MI. Pellino is an evolutionary conserved scaffold protein that functions as a genuine E3 ubiquitin ligase in TLR/IL-1R signalling. 11 Three isoforms of † W.W. and Y.H. contributed equally to this work.
Pellino, termed Pellino1, 2 and 3, have been identified in mammalian cells. In a myeloid differentiation factor 88 (MyD88)-dependent fashion, mammalian Pellino proteins interact with interleukin-1 receptor-associated kinase 1 (IRAK1) and IRAK4 in TLR/IL-1R signalling 11 -13 after stimulation. Subsequently, phosphorylated IRAK1 interacts with tumor necrosis factor receptor-associated factor (TRAF) 6, which mediates downstream signalling events including I-kappa B kinase (IKK) activation via Lysine-63 (K63)-linked polyubiquitylation. 14 Consequently, NF-kB is activated and translocates to nuclei which controls the expression of multiple pro-inflammatory cytokine genes. Indeed, Ordureau A and colleagues have reported the formation of Pellino1/IRAK1 complex resulting in the activation of IKK and NF-kB in interleukin-1-stimulated human embryonic kidney-293 cells. 15 Furthermore, in the TRIF-dependent TLR pathway, Pellino1 is an E3 ligase responsible for receptor-interacting protein 1 (RIP1) ubiquitination leading to NF-kB activation. 16 Therefore, there is a causal relationship between Pellino1 activity and a TLR-/IL-1R-mediated inflammatory response. However, the effect of Pellino1 in cardiac dysfunction and LV remodelling after MI has not been investigated.
In the present study, we demonstrate that depletion of Pellino1 significantly attenuated MI-induced cardiac dysfunction and LV remodelling. Our data suggest that Pellino1 may be an ideal target for the alleviation of cardiac dysfunction and remodelling after MI.
Methods

Animals
C57BL/6 male mice (6-7 weeks old) were obtained from the Model Animal Research Center of Nanjing University (Nanjing, China) and were housed with free access to food and water. Pellino1 conditional knockout (cKO) mice (Peli1 Flox/Flox , C57BL6J/129sv genetic background) were generated as previously described. 17 Experiments involving mice were performed in accordance with the Guide for the Care and Use of Laboratory Animals published by the US National Institutes of Health (NIH Publication No. 85-23, revised 1996). All aspects of the animal care and experimental protocols were approved by the Nanjing Medical University Committee on Animal Care.
cKO mice
Pellino1 cKO mice were developed with C57BL6J/129sv genetic background as described previously. 17 Briefly, exon 3 was designed to be flanked ( Figure 4A ). cKO targeting vector is made by using recombineering to introduce two syntropic loxP sites just ahead and behind exon 3, a neomycin selection cassette accompanies the later loxP for selection. Then, the targeting vector was linearized and electroporated into stem cells (ES) cells (129sv backgroud), and the transformants were selected by G418 resistance. Then, the selected ES cells were injected into blastocysts and subsequently, injected blastocytes were transfer into pseudopregnancy mice uterus to get chimeras. The chimeras crossed to C57 mice to get Peli1 Flox/+ mice. Then,
Peli1
Flox/+ mice were crossed to B6.FVB(129)-Tg(Myh6-cre/Esr1*)1Jmk/ JNju mice to generate Peli1 Flox/+,Myh6-cre/Esr1 mice. Peli1
Flox/Flox,Myh6-cre/Esr1 mice were generated by brother-sister mating. Finally, Peli1
Flox/ Flox,Myh6-cre/Esr1 mice were intraperitoneally injected with 30 mg/kg/day tamoxifen at 8 weeks of age for five consecutive days to obtain cardiac-specific knockout mice (Peli1 cKO ).
Induction of MI
The mouse model of MI was induced by ligation of left anterior descending coronary artery (LAD) as described previously. 18 Briefly, male mice were ventilated after anaesthetized with a mixture of ketamine (120 mg/kg, i.p.) and xylazine (6 mg/kg, i.p.). When adequacy of anaesthesia was monitored by observation of slow breathing, loss of muscular tone, and no response to surgical manipulation, the hearts were exposed and the LAD coronary artery was ligated with a 6-0 prolene suture. Then, the thorax was closed and the animals were extubated before they were allowed to recover from the surgery. days) were included, at each time point, mice were killed by cervical dislocation, and heart samples were harvested for corresponding analyses.
Infection of AdsiPeli1 into the myocardium
To determine the role of Pellino1 in MI injury in mice, we developed recombinant adenovirus expressing siRNA for Pellino1 (AdsiPeli1), which was packaged by Genechem (Shanghai, China). The target sense sequence: CGCACTATATCGAGGTTTGCTT. AdsiPeli1 was infected into the murine myocardium by intramyocardial injection as described previously. 19 Briefly, mice were anaesthetized with a mixture of ketamine (120 mg/kg, i.p.) and xylazine (6 mg/kg, i.p.) and infected with AdsiPeli1 or adenovirus expressing scrambled siRNA (AdsiScr) randomly immediately before LAD ligation. AdsiPeli1 or AdsiScr (20 mL; 1.0 × 10 9 pfu/mL) was delivered via five separate intramyocardial injections (a 33-gauge needle) to predetermined regions in the peri-infarct borderzone. Our preliminary data suggest that the levels of Pellino1 in the myocardium are reduced by 30% 1 week after AdsiPeli1 infection, when compared with un-infected control.
In vitro experiments
Neonatal rat ventricular myocytes were prepared from 1-to 2-day-old neonatal Sprague-Dawley rats, and the rats were sacrificed by cervical dislocation. The cells were incubated in dulbecco's modified eagle medium (DMEM, Gibco, USA) supplemented with 10% (v/v) foetal bovine serum as described previously.
20 Bromodeoxyuridine (0.1 mM) was added into cultured neonatal rat ventricular myocytes 36 h after incubation in order to prevent proliferation of cardiac fibroblasts (CFs). Neonatal rat CFs (NRCFs) were isolated by enzyme digestion 20 using selective attachment of non-myocytes.
NRCFs were grown in DMEM supplemented with 10% (v/v) foetal bovine serum. For induction of cellular hypoxia, cells were replaced by DMEM without glucose and incubated at 378C with 5% CO 2 , 1% O 2 , and 94% N 2 in a hypoxia chamber (Thermo, HERA cell 150i) for 1, 3, 6, and 12 h, respectively.
Total RNA extraction and quantitative real-time PCR
Total RNA was isolated from mouse heart or cell using RNAiso reagent (Takara Biotechnology), and real-time (RT)-PCR assays were performed with Prime-ScriptTM RT detection kit (Takara Biotechnology) as previously described. 20 Amplification and detection of specific products were performed with the ABI Prism 7500 sequence detection system with the cycle profile according to the Prime-ScriptTM RT detection kit. As an internal control, 18 s primers were used for RNA template normalization. Quantitative RT-PCR primers were as follows: collagen-1 (forward: 5 ′ -tcaagg tctactgcaacatgg-3?; reverse: 5 ′ -aatccatcggtcatgctctct-3 ′ ) and collagen-3 (forward: 5 ′ -cgtaagcactggtggacagattc-3 ′ ; reverse: 5 ′ -gcacatcaacgacatcttca gg-3 ′ ). Relative levels of the sample mRNA expression were calculated and expressed as 2 −DDCt .
Western blots
The cytoplasmic proteins (80 mg) were separated by SDS -PAGE and transferred onto polyvinylidene difluoride (PVDF) membranes (Amersham Biosciences) as described previously. 21 The membranes were incubated with primary antibodies [Pellino1, Ub, TRAF6, RIP1, and GAPDH (Santa Cruz Biotechnology)] and followed by incubation with peroxidase-conjugated secondary antibodies. The signals were detected with the ECL system (Pierce). The signals were quantified by scanning densitometry with the Image J analysis system.
Pellino1 and myocardial infarction
Echocardiography
Echocardiography was performed as described in our previous study 18 with a two-D guide M-mode transthoracic echocardiographic examination (General Electric Co., Fairfield, CT, USA). Mice were anaesthetized with isoflurane (1.5% with O2 1L/min). Cardiac function was measured at 1 and 4 weeks after MI. All measurements were made by one observer who was blinded with respect to the identity of the tracings.
Histological examination
Hearts were harvested from each group and immersion fixated in 4% formaldehyde, embedded in paraffin, and counterstained with Masson's trichrome stain for morphological examination, or Picrosirius Red staining to quantification of collagen density. In Masson's trichrome staining, scar tissue shows blue colour with toluidine blue staining, whereas normal heart muscle fibres exhibit red colour with Ponceau S staining. The scar area (blue) and the LV area from each section were measured using an image analyser. The ratio of scar area and LV area was calculated and expressed as a percentage.
To examine infiltration of inflammatory cells into the myocardium, cryostat sections (4 mm) were cut from hearts and immunolabelled with an antibody against CD45 (BD PharMingen), followed by incubation with respective secondary antibodies. Nuclei were counterstained with 4 ′ ,6-diamidino-2-phenylindole (DAPI; (1 : 5000, Sigma-Aldrich). Sections were viewed with a fluorescent microscope. A total of five microscopic fields of myocardial area were photographed, and remodelling parameters were counted by a blinded investigator.
Zymography
MMP activity was measured by gelatin zymography as previously described. 22 Briefly, protein samples (50 mg) from myocardial extract were incubated with sample buffer at room temperature for 10 min and separated by 10% gelatin-ready zymogram gel (Bio-Rad). Gels were equilibrated in fresh developing buffer at 378 C overnight after renaturation. Then, they were stained with 0.5% Coomassie Blue followed by de-staining. Areas of protease activity appear as clear bands against a dark blue background where the protease has digested the gelatin substrate.
E3 ligase activity assay
E3 ligase activity was assessed as described previously. 23 Briefly, 500 mg of tissue cytoplasmic proteins were immunoprecipitated with 1 mg of an antiPellino1 antibody (Santa Cruz) for overnight at 48C on a rotator. Thirty mL of Protein A/G beads (Santa Cruz) were added to each sample followed by incubation for 6 h at 48C on a rotator. The beads were collected by brief centrifugation, washed three times with lysis wash buffer, and once with 50 mM Tris -HCl (pH 7.5) and 5 mM MgCl 2 . The pellets were re-suspended in 20 mL of 50 mM Tris -HCl (pH 7.5), 5 mM MgCl 2 , 0.1 mM UBE1, 0.5 mM Ubc13-Uev1a, 0.05 mM FLAG-ubiquitin, and 2 mM ATP, and with the nonspecific protein kinase inhibitor staurosporine (75 mM). The reactions were incubated for 60 min at 308C and then denaturated in SDS sample buffer. The immunoprecipitates were separated by SDS -PAGE and transferred onto PVDF membranes, which were incubated with an anti-Ub (Santa Cruz) antibody to detect the formation of the polyubiquitin chains.
Immunoprecipitation
Immunoprecipitation (IP) was performed for analysis of the ubiquitination of TRAF6 as described previously. 18, 22 Briefly, 500 mg of tissue cytoplasmic proteins were immunoprecipitated with 1 mg of anti-TRAF6, or anti-RIP1, or anti-IRAK1 antibody (Santa Cruz), respectively, for overnight at 48C on a rotator. Fifty mL of Protein A/G beads (Santa Cruz) were added to each sample for 6 h at 48C on a rotator. The samples were centrifuged and washed three times in the 1× lysis wash buffer. After centrifugation, each sample was added with loading buffer followed by SDS -PAGE electrophoresis as described previously.
18,22
Kinase activity assay
After IP with a specific anti-IRAK1 antibody, IRAK1 activity was examined with 1 mg of myelin basic protein (Sigma) and 5 mCi of [g-32P] ATP (3000 Ci/ mmol) at 308C for 30 min as previously described. 24 The reactions were stopped by adding by sample loading buffer. The reaction mixtures were separated with SDS-PAGE gels followed by autoradiography to Kodak X-ray films.
Electrophoretic mobility shift assay (EMSA)
The measurement of NF-kB binding activity in nuclear proteins was performed as described in our previous study. 21 Briefly, nuclear proteins (20 mg) were isolated from heart samples. NF-kB binding activity was examined using a Light Shift Chemiluminescent EMSA kit (Thermo Fisher Scientific) according to the instructions of the manufacturer.
ELISA for inflammatory cytokine
Inflammatory cytokine levels (IL-1b, monocyte chemoattractant protein (MCP)-1, IL-6, and tumor necrosis factor (TNF)-a) were measured in cellular protein preparations from heart samples using commercial ELISA kits (Cusabio Biotech). The protein samples were diluted 1 : 4 in diluent buffer, and measurement was performed according to the instructions of the manufacturer.
Statistics
Data are presented as means + SD. Comparisons between groups were performed using one-way analysis of variance, and Tukey's procedure for multiple range tests was performed. A P-value of ,0.05 was considered to be significant.
Results
Ischaemic stress stimulates Pellino1 expression in vivo and in vitro
To examine whether MI will alter the expression of myocardial Pellino1 in vivo, we measured the levels of Pellino1 in the myocardium after induction of MI. Figure 1A shows that the levels of Pellino1 mRNA were increased by two-fold 1 week and increased levels of Pellino1 were maintained for 4 weeks after MI, when compared with the sham control. Western blot shows that the protein levels of Pellino1 were increased by 145.2% 3 days after MI compared with the sham control ( Figure 1B) . The increased protein levels of Pellino1 were continuous for 1, 2, and 4 weeks following MI.
To show more definitively what type of cells contributed to the increase in Pellino1 expression in the heart in mice, we isolated primary cardiac myocytes and fibroblasts from neonatal rats and subject them to hypoxic stress. Hypoxia significantly increased the level of Pellino1 mRNA by two-fold in both cardiac myocytes and fibroblasts ( Figure 1C) . The protein levels of Pellino1 in cardiac myocytes and fibroblasts were enhanced by 78.7 and 55.7% after hypoxia for 1 h, by 78.6 and 71.1% for 3 h, by 80.5 and 81.3% for 6 h, and by 90.3 and 157.0% for 12 h, respectively ( Figure 1D ).
Silencing Pellino1 reduces MI-induced increases in Pellino1 expression and E3 ligase activity
We examined the effect of silencing Pellino1 on MI-induced increases in the expression of Pellino1 in the myocardium by infecting the myocardium with AdsiPeli1. Figure 2A shows green florescent protein expression after AdsiPeli1 infection into the myocardium. Figure 2B and C shows that infection of AdsiPeli1 reduced Pellino1 protein levels by 50.0% at 1 week, by 96.8% at 2 weeks, and by 46.0% at 4 weeks after MI, when compared with uninfected MI control.
Pellino1 is an E3 ligase that regulates NF-kB activation signalling via ubiquitination. 23 We examined Pellino1 E3 ligase activity 7 days after MI. As shown in Figure 2 , MI significantly increased the levels of Pellino1 ( Figure 2C ) and induced Pellino1 E3 ubiquitin ligase activity in the myocardium ( Figure 2D ). In the AdsiPeli1-infected group, the levels of Pellino1 and its E3 ligase activity were significantly reduced compared with the uninfected MI group. AdsiScr infection did not affect MI-induced Hearts were harvested 7 days after permanent ligation of LAD. Cellular proteins were prepared for E3 ligase activity assay followed by IP with a specific anti-Pellino1 antibody. Immunoprecipitates were subjected to SDS-PAGE gel followed by immunoblotting using an anti-ubiquitin, anti-Pellino1, and anti-GAPDH antibodies. *P , 0.05, **P , 0.01 vs. sham; # P , 0.05 vs. MI, ## P , 0.01 vs. MI, n ¼ 6.
Pellino1 and myocardial infarction increases in the levels of Pellino1 protein and Pellino1 E3 ligase activity in the myocardium (Figure 2C and D) .
Silencing of Pellino1 improved cardiac dysfunction following MI
Next, we examined whether Pellino1 silencing will attenuate MI-induced cardiac dysfunction. As shown in Tables 1 and 2 3.4 Pellino1 silencing reduced scar size and collagen deposition following MI Figure 3A shows that MI induced a markedly thin anterior wall of the LV chamber. Silencing of Pellino1 by infection of AdsiPeli1 into the myocardium markedly reduced the ratio of scar area to LV area ( 27.4%) compared with the uninfected MI group ( Figure 3B) . Infection of AdsiScr did not affect MI-induced myocardial scar size. Silencing of Pellino1 also decreased MI-induced cardiac fibrosis as reflected by collagen deposition. As shown in Figure 3C , MI resulted in more collagen deposition in the myocardium as evidenced by Picrosirius Red staining 4 weeks after MI, when compared with the sham group. MI also significantly increased Collagen I and III expression in the myocardium ( Figure 3D ). In contrast, Pellino1 silencing reduced cardiac collagen deposition and decreased the expression of Collagen I ( 62.5%) and III ( 53.4%) mRNA in the myocardium compared with the MI group ( Figure 3D ). AdsiPeli1 infection did not alter collagen deposition and Collagen I and III mRNA expression induced by MI.
Activation of matrix metalloproteinase (MMP)-9 plays a role in the process of adverse LV remodelling after MI. 25 Figure 3E shows that MMP-9 activity was enhanced by four-fold in the myocardium 1 week after MI. However, Pellino1 silencing significantly attenuated MI-induced increases in MMP-9 activity by 65.7%.
Conditional knockdown Pellino1 reduced scar size and fibrosis following MI
Since we observed an increase of Pellino1 expression in cardiomyocytes (CM) following ischaemic stress, we sought to clarify the role of CM-specific Pellino1 in MI. To this end, we developed a spatiotemporally controlled Pellino1 knockout (Peli1 cKO ) mouse strain in which Pellino1 is specifically deleted in the myocardium following injection with tamoxifen ( Figure 4A ). Indeed, tamoxifen administration induced a specific DNA band (670 bp) in the myocardium, but not in the liver ( Figure 4B ). Figure 4D-F) . Taken together, these data suggest that deteriorated cardiac function and increased cardiac fibrosis following MI are mediated, at least in part, by Pellino1 in the myocardium.
Pellino1 regulated dominated molecules in TLR/IL-1R signalling pathway after MI
Pellino1 is an E3 ubiquitin ligase that has been implicated in regulating TLR/IL-1R signalling. 26, 27 We examined the effect of Pellino1 silencing on IRAK1 activity, RIP1 ubiquitination, and TRAF6 ubiquitination following MI. In vitro kinase assay revealed that MI induced IRAK1 activity in the myocardium, but Pellino1 silencing did not alter IRAK activity significantly ( Figure 5A ), suggesting that Pellino1 might function downstream of IRAK1. Since Pellino1 is an E3 ubiquitin ligase for ubiquitination of RIP1, 15, 16 we examined the effect of Pellino1 silencing on RIP1 ubiquitination. As shown in Figure 5B , Pellino1 silencing attenuated MI-induced RIP1 ubiquitination in the myocardium.
K63-linked polyubiquitylation of TRAF6 is an important intermediate step in the TLR/IL-1R -NF-kB signalling pathway.
26,27 Figure 5C shows that TRAF6 ubiquitination was significantly induced 1 week after MI compared with the sham control. In contrast, Pellno1 silencing prevented MI-induced TRAF6 ubiquitination. Figure 5D shows that MI induced NF-kB binding activity in the myocardium compared with sham control. However, Pellino1 silencing significantly attenuated MI-induced NF-kB binding activity by 39.8% compared with the uninfected MI group.
Pellino1 silencing decreased infiltration of inflammatory cells into the myocardium following MI
We examined the effect of Pellino1 silencing on leucocyte infiltration into the myocardium following MI. As shown in Figure 6A and B, MI stimulated leucocytes infiltration into the myocardium. One week after MI, more CD45-positive staining cells were observed in the myocardium, when compared with the sham control. Pellino1 silencing decreased the accumulation of CD45-positive cells in the myocardium. Figure 6C shows that MI significantly induced an increase in the production of pro-inflammatory mediators, including MCP-1 (2.9-fold), IL-1b (1.5-fold), IL-6 (0.6-fold), and TNF-a (2.5-fold), respectively, compared with the sham control. In contrast, Pellino1 silencing significantly attenuated the production of those pro-inflammatory mediators in the myocardium (MCP-1 48.9%, IL-1b 73.3%, IL-6 20.2%, and TNF-a 75.4%).
Discussion
The present study demonstrates for the first time that Pellino1 plays an important role in left ventricular dysfunction and remodelling following MI. We observed that Pellino1 expression was significantly increased in the myocardium following MI and also in cardiac myocytes and Pellino1 and myocardial infarction left ventricular remodelling. More importantly, we are able to confirm that, following the induction of MI, mice with a conditional deletion of Pellino1 in the myocardium phenocopied the mice injected with Pellino1 silencing adenovirus. The mechanisms by which Pellino1 silencing attenuates MI-induced cardiac dysfunction and LV remodelling can be attributed to an attenuation of TLR-/IL-1R-mediated innate and inflammatory responses. Specifically, silencing of Pellino1 prevents the ubiquitination of RIP1 and TRAF6 required for NF-kB binding activity. Our data suggest that Pellino1 may be a new target for the treatment and management of patients with MI.
TLR-/IL-1R-mediated signalling is evolutionally conserved with that mediated by the Drosophila Toll protein. Toll initiates its signalling through the adapter molecule Tube and the serine-threonine kinase Pelle which is highly homologous to members of the IRAK family in mammals. 28 A novel Pelle-interacting protein called Pellino has been identified in Drosophila. 28 After then, several studies have shown that a mammalian counterpart of Pellino, termed Pellino1, is required for TLR-/IL-1R-mediated NF-kB activation. 29 After stimulation of TLR/ IL-1R, Pellino1 interacts with IRAK4, IRAK1, and TRAF6 to form Pellino1 -IRAK1 -IRAK4-TRAF6 signalling complex, 12 which relays to transforming growth factor-b-activated kinase-1 (TAK1), resulting in nuclear translocation and activation of NF-kB. 29 In addition, Pellino1 is required for TLR3-mediated pro-inflammatory cytokine production by interacting with and ubiquitination the TRIF-signalling adaptor kinase RIP1. 16 Recent studies have shown that TLR-/IL-1R mediated signalling contributes to cardiac dysfunction and LV remodelling after MI. 7, 10 We demonstrate in the present study that Pellino1 plays an important role in the activation of TLR/IL-1R signalling following MI in vivo. Silencing of Pellino1 by AdsiPeli1 infection into the myocardium significantly attenuated MI-induced cardiac dysfunction and left ventricular remodelling. Importantly, we demonstrate that cardiac-specific depletion of Pellino1 markedly improves cardiac function and remodelling following MI. In light of the observation that Pellino1 expression was stimulated by hypoxia in cultured primary CM in vitro, we propose that Pellino1 may function as a stress sensor in the heart and that MI-induced loss of cardiac function and cardiac fibrosis may be mediated, at least in part, by CM-specific Pellino1. Of note, we have observed that Pellino1 expression in CFs was also increased following hypoxia stimulation in vitro, raising that possibility that CF-specific Pellino1 could potentially contribute to MI-induced cardiac dysfunction. Previously, it has been reported that CFs contribute to MI-induced left ventricular remodelling via proliferation and release of pro-inflammatory cytokines. 30 More studies are warranted to further dissect the cell-autonomous role for Pellino1 in the heart during MI-induced cardiac pathologies. Pellino1 participates in the regulation of TLR-/IL-1R-mediated signalling through its E3 ubiquitin ligase activity. 31 We observed that MI increased the E3 ubiquitin ligase activity of Pellino1 in the myocardium, resulting in activation of MyD88-dependent and TRIF-dependent signalling. Indeed, we demonstrated that the ubiquitination of TRAF6 and RIP1 35 Therefore, suppression of TRAF6 ubiquitination results in down-regulation of NF-kB-mediated inflammatory response. 27 Collectively, suppression of Pellino1 -TRAF6 axis could be an important approach for the attenuation of pro-inflammatory cytokine production in response to MI. Pellino1 also binds to and ubiquitinates RIP1 which is an essential component of the TRIF-mediated signalling pathway. 16 We observed that MI induced Pellino1-mediated RIP1 ubiquitination in the myocardium. Polyubiquitin chains on RIP1 serve as a platform to recruit both TAK1 and IKK complexes, resulting in NF-kB activation. 36 Ubiquitination of RIP1 by Pellino1 is a prerequisite to activation of TRIF-dependent signalling. 16 Indeed, we observed that silencing of Pellino1 with AdsiPeli1 decreased the interaction of Pellino1 with RIP1 and the ubiquitination of RIP1.
Both TRAF6-and TRIF-mediated signalling activate NF-kB. 37, 38 We observed that silencing of Pellino1 expression significantly attenuated MI-induced NF-kB activity. NF-kB is an important transcription factor that regulates the expression of genes involved in inflammatory response. Pellino1 silencing markedly attenuated inflammatory cytokine production and inflammatory cell infiltration into the myocardium following MI. Thus, down-regulation of inflammatory responses could be one of mechanisms by which Pellino1 silencing attenuated cardiac dysfunction after MI. 39 Myocardial remodelling involves synthesis and degradation of collagens that are the major components of the extracellular matrix. 25, 40 Deficiency of MMP-9 attenuated myocardial remodelling in mice, 41 suggesting that increased MMP-9 activity contributes to the left ventricular remodelling after MI. We observed that Pellino1 silencing significantly attenuated MMP-9 activity in the myocardium after MI. The data are positively correlated with the echocardiographic data in which the values of LVEDV, LVESV, and LVID were reduced when Pellino1 silencing by AdsiPeli1 infection. At present, we do not understand the mechanism by which Pellino1 regulates MMP-9 activity following MI. We demonstrated that Pellino1 regulates TLR-/IL-1R-mediated NF-kB Pellino1 and myocardial infarction signalling. Therefore, it is possible that Pellino1 silencing attenuated MMP-9 activity in the myocardium may be through negative regulation of the TRAF6-mediated NF-kB activation pathway. 42 In summary, the expression of Pellino1 and its E3 ligase activity in the myocardium are increased in the myocardium following MI. Silencing of Pellino1 or cardiac-specific conditional knockdown Pellino1 significantly attenuated MI-induced cardiac dysfunction and remodelling. The mechanisms involve down-regulation of TLR-/IL-1R-mediated TRAF6-dependent NF-kB activation signalling. Pellino1 could be a novel target for the treatment and management of MI patients. Figure 5 Silencing of Pellino1 decreased the ubiquitination of receptor-interacting protein 1 (RIP1) and TRAF6 and attenuated NF-kB binding activity in the myocardium after MI. Mice were infected with or without AdsiPeli1. AdsiScr served as vector control. Immediately after infection, the hearts were subjected to permanent ligation of LAD for 1 week. Hearts were harvested and cellular proteins were prepared for analysis of IRAK activity (A), the ubiquitination of RIP1 (top) and the interaction between Pelino1 and RIP1 (bottom) (B), the ubiquitination of TRAF6 (C), and NF-kB binding activity (D). *P , 0.05, **P , 0.01 vs. sham surgery, # P , 0.05, ## P , 0.01 vs. MI, n ¼ 6. Figure 6 Silencing of Pellino1 reduced inflammatory cell infiltration and inflammatory cytokine production in the myocardium following MI. Mice were infected with or without AdsiPeli1. AdsiScr served as vector control. Immediately after infection, the hearts were subjected to permanent ligation of LAD for 1 week. (A and B) Accumulation of CD45-immunoreactive leucocytes in infarcted hearts at 1 week post-MI. Representative CD45-stained immunofluorescent images are shown (magnification ×400). The red granulation showed infiltrating leucocytes and counterstained with DAPI (blue). Scale bars indicate 100 mm. (C) Analysis of inflammatory cytokine expression in the myocardium at 1 week after MI. Myocardial levels of monocyte chemoattractant protein-1, IL-6, IL-1b, and tumor necrosis factor-a were measured by ELISA. *P , 0.05, **P , 0.01 vs. sham surgery; # P , 0.05 vs. MI, n ¼ 6.
